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THE NAVY's CABLING AND WIRING COMPUTER PROGRAM
(Known as C/W)

James Mellis
Naval Ship Engineering Center

Hyattsville, Maryland

M. Mellis is Electrical/El ectronic Devel opnent Manager
for the Conputer-Aided Ship Design and Construction Project
Ofice. Previously, he worked for General Dynamics as a
Senior Field Engineer on the Appollo Instrumentation Ships

and for Univac on prototype design as an engineering aide
and later as a field engineer.
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| NTRODUCTI ON

In the md 1960's the Conputer Aided Ship Design and Construction project
office, located in the Naval Ship Engineering Center, was chartered to apply
conputer aiding techniques to all phases of the naval shipbuilding process. A
prelimnary cost analysis in the electrical/electronic discipline pointed out the
| arge amount of manual effort and time spent during installation design and
production in the area of equipnent cabling and wire hookup. After the aerospace
industry's success in developing a productive wiring data system and an in-depth
NAVSEC sponsored study at three designated naval shipyards of the cabling/wring
flow process during installation design, it was determned that a simlar system
should be devel oped for naval ship design and production. Because there are
significant differences between 'wiring an aircraft and wiring a ship, a direct
conversion from one application to the other was ruled out.

Initial System Devel opnent

In 1965 the Westinghouse Electric Corporation was selected to develop a
system of conputer prograns for processing the flow of electrical and electronic
cabling/wiring information used in ship construction. This system was a major
undertaking and addressed the entire process of installation design of equipment
on board any Navy ship. This included, such functions as cable routing, hanger

sel ection, penetration design, planning and.estinati nﬂ supporting docunents and
the equivalent of all the necessary wiring plans. The objectives of the task

were to: 3
ZAid the followi ng production functions:
ZBul khead penetration |ayout for thru ships cable
selnstallation of thru ships cable
sePlanning of local (wthin conpartment) cable installation
«+ Equi prnent installation
+« Equi pment  hookup
*Assi st E/E design sections:
«+Conpartnent arrangenents

s e Equi pment selection through use of an autonmated equi pnent catal og

++Checking production information
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*eAnal ytical design calculations (cable routing, voltage drop
cal cul ati ons)

*Aid Planning and Estimating Sections:
seStart procurenment of long lead time itens
sePrepare material and progress lists and job order forns

Test | npl enentati on

The initial system was test inplemented at two private shipyards, Avondal e
and General Dynamic/Electric Boat Division and at the Philadel phia Naval Shipyards.
As a result of this trial inplenentation the system was shown to be too much,
too soon. Aside from the normal problens associated with inplementing a large
comput er software system the test inplenentation showed that more work was
needed in the planning and estimting area, and the data input required for
cable routing was prohibitively large. The wiring section of the system per-
formed very well.

Concentration On Local Layout and Installation

Following the initial devel opment and test period by Westinghouse, Puget
Sound Naval Shipyard was tasked to limt the systemto those functions which
indicated a ready acceptance and i medi ate payoff and to orient it to the
Naval Shi pyard environnent.

The principal objective of the redirected Cabling/Wring (C/W systemis the
creation of a central configuration data managenent capability which wll reduce
drawi ng and installation time as well as revision and data transfer errors.

TI. I NSTALLATI ON PROCESS

The process of installation design for electrical and electronic systems of
new ship construction and major ship conversions are very similar given that the
cabl eways have been established. The preparation of control docunents begins
just as soon as the information is available. In the case of conversion work
the docunmentation available seldomreflects the “as wired ship”, except for those
speci alized systems which have their own configuration managenent procedures.
Al'so with conversions, there is a problem of ship checking before design. This
probl em can be alleviated through better life cycle change control. Assuning
that all available information is correct, the process will provide the three
production drawi ngs that are required:

The equi pment arrangenent drawing is used to naintain interference control.
A system designer requiring space nust obtain a location from the arrangement
designer. Controlled allotment of the finite volume available precludes
physical interference at the time of shipboard installation. Architectural
sketches are used to show the prospective locations of the various systens’
equi prent in the sanme conpartment.

The Block or Isonmetric Cabling Diagramis required for both naval and
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conmercial vessels. It is a pictoral/tabular listing of how the equi prent
is to be interconnected in relation to the ship’s hull. It contains a
complete material record for a particular project or circuit. All
material is purchased from information supplied on this drawing. FEE

wei ghts and nonents are also usually recorded on the drawing and are used
for weight control. The drawing does not show the physical relationship
of E/E equipnment on board ship. It is intended only to show cabling

bet ween systens and the cables’ installation requirenents.

The Elenentary Wring Diagramis primarily a registry for the disposition
of each wire in every cable in a particular circuit.

The order in which the drawings are generated varies-according to the
method of the system design. For instance,. if it is designed fromthe

end points back, such as power distribution or dial telephone, the sequence
of the production drawings is different from the electronic system which is
predefined. Predefined systens have nost of the elenentary wiring diagrans
and room arrangenment drawi ngs provided at contract award tine.

Speci al i zed drawi ngs such as foundation requirenents and conponent assenbly
are supplied by the nanufacturer and in sone cases devel oped by the design codes

from avail abl e information.

The prinmary objective of the drawings is to provide as nuch necessary
information as possible using a mninmum of detailed drafting. The drawings are
composites of information required by several design and production users.

Therefore it is necessary for the individual user to cull out those portions
that are of interest to him For each such extraction, the probability of
error is increased. Plainly there is needed a method to elininate transcription
errors and to ensure that work is being done to a consistent revision |evel.

The three drawings are referenced by the craftsnen to provide the information
to performthe follow ng tasks:

sDetermne cableway routings and cableway penetration area clusters
or riser boxes and install cableway support hardware at water tight
decks and bul kheads.

sPull cables that traverse conmpartments and decks, larger and |onger
cables first and establish breakouts (points where cables enter and
exit a cabl enay).

sPull within conmpartment (local) cables and cables which do not traverse
cabl eways.

eInstall connection boxes which |link sections of cables. Cut cabl es.

*Begin installing equipnment (all hardware, except nmmin cables, is
usual 'y brought to an individual conpartnent as a package wherever
possi bl e).
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sFabricate plug ends on cables for all plug-connected equi pnent.

*Ring out wires in cables, prepare wire ends for hookup, apply branded
sleeving wire markers (floaters) to wires.

*Close off transit devices, install cable markers, tie down cable groups
in cabl enays.

*Conpl ete all hooking up and | abeling.

«Conduct installation testing: passive test for continuity of circuits,
active tests of selected subsystens for correct equi pnent operation.

[11. PROBLEM AREAS

Design

The designer has the responsibility to develop the production type docunents
that reflect changes to the system  Getting the mpbst current revision level of
the drawi ngs signed out and to the shops is a probl em whenever the change nust
be cross referenced with many other production drawings. There is always the
chance that conposite type data can be extracted from drawi ngs which are not at
the current revision levels. This type of problem can be alleviated by having
some nethod of producing all the necessary drawings at the sane time from one
source of information.

The designer puts out the job order description for the craftsman and the
list of drawings needed for the task. The designer’s time can be reduced by
giving himthe ability to ask for different documents which can descri be:

(1) the circuits listed in the job order description, (2) the parts of a
circuit or system (3) the entire circuit or system

The job order description lists those drawings that have been determ ned by the
designer to be necessary or of value to the appropriate waterfront crew. Because
work nethods between installation crews vary, those designers not famliar
with the different work crew methods may not list all drawi ngs that may be useful
the the crew in question. This becones a significant factor when the shop must
manual |y prepare an Equi pnent Terminal Layup for a large installation such as

a fire control swtchboard.

Craftsmen

The craftsnmen nust reference nultiple drawings to develop a working sheet
for the installation. A good exanple is the devel opment of an Equi pnent Termi nal
Layup List. The craftsmen must reference sheets of wiring tables that are not
al ways ordered such that they correspond to the sequential task of hooking up
each termnator.



In some yards a card is prepared with all the conposite type data for each cable
of each IC, ECM Radar, Electronics or Wapon System These data are then

sorted by equipnent and printed out as a separate list. This is to get hookup
data for one piece of equipment, and even then the data is not necessarily in
proper hook-up sequence. What is needed is a schene for the engineer to

sel ectively produce a docunent having not only selected systeminfornmation but
also the correct order of hookup information. Thus the craftsman may install

the wire connections in a sequential rather/than haphazard order.

V.  C/ W AND THE | NSTALLATI ON FLOW PROCESS

The Cabling/Wring System (CW aids the installation process providing
the electrical and electronic information on |istings which can be arranged
into issuable work packages for installation.

The systemis not (as yet) an anal ytical design system The design is
done by the engineers and designers. Only the organization and manner of the
presentation of the infornation is changed fromthe custonary el enentary wiring
diagram and isometric drawings to computer input and output listings, with the
added advantage that the data elenents of the input information be recorded just
once.

The G W System utilizes a master drawings file containing connection data.
This data can be retrieved quickly and nanipulated to produce nmany formatted
out put docunents with mninum effort to prepare drawings for the different
functions of production.

I nput Data Requirenents

The designer responsible for each system nust identify the material to
be presented on the drawings (listings) produced by C W by using keypunch forns
designed for use with the program For each electrical/electronic system the
designer must enter the mninmum information required to obtain necessary
instal lation work package drawings. This information may vary from ship to
ship or from systemto system but for the nmpbst part, consists of four Kkinds
of information:-

(1) Ceneral drawing information such as the systems weight group,
general notes, references, and NAVSEA draw ng nunber.

(2) Equipnrent information such as the description, |ocation, and wei ght
of equi pnent.

(3 Cabling and wiring information such as the identity of the equi pment
connected on each end and the conductor termnation points within each
pi ece of equipnent.

(4) Procurerment information such as the specification and grade or

manufacturer’s nane and part nunber for each different type of
mat eri al .
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This information provides the groundwork from which all documents are prepared.
The designer must identify and describe the individual items or conponents used
in his system Through the use of C/W the designer is provided with a capability
to consider only part of his systemat a time. Cards used to describe an E/E
circuit or systemare collectively referred to as system definition cards and

are the vehicle by which the designers get the information into the program

Qutput fromthe systemis requested for a specific document by circuit or system

H erarchial Arrangenent

Before a job can be subnmitted for processing by C/W the input cards mnust
be arranged in a sequence of hierarchial levels. This allows the user to describe
an itemat one level in terns of the items at successive |ower levels. For
exanple, an electrical/electronic systemis described in terms of its equi pnent
and cable data. In turn, each cable is broken down in terms of its note and
conduct or dat a.

A data file is built for each ship and consists of catal ogs containing
fixed data, e.g. equipment attributes, and circuit data about each electrical/

electronic system to be installed or modified.

Aut omati ¢ Lookup

Automatic catalog lookup is utilized for preparation of requested out put
documents called drawings to obtain additional information on those equipnents
and cables entered by the designer for each system stored on the file: This
frees the designer fromthe time consumng task of manual | ookup.

Docunent Variety

Information either entered by the designer or obtained from the catal ogs,
is used to produce a wide variety of documents. These documents are tailored
to furnish the recipient with the information necessary to do the task.

The C W master drawing file consists of most of the information contained
on the three basic drawings traditionally used to prepare work packages.

The system currently produces the follow ng docunents:

(1) Wring Table. A tabular listing of the detailed wiring connections
necessary to hook up each cable in the electrical/electronic shipboard systens.

Fig (1).

(2)Cable Installation Guide. Assists in the preparation of ships'
conpartment electrical |ayout.

(3) Equipment Cabling List. Shows the interconnecting |ocal cabling
bet ween equi pments in each compartment.|Fig. (2).
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- WIRI NG TABLES

-U NIT A- - UN IT B- -CABLE -
MK 140 AMPLIFIER ATTACK CENTER SWBD N O . G-GAP4
MK 41 MOD 3 SYS. 6R-6PA-GAP
REF 10. 10D0O4

NO. 3504 NO. 3334 TYPE. MSCA-19
UNIT A TERM WIRE MARKING WIRE COLOR GROUP UNIT B TERM WIRE FUNCTION REF
2-3-05 17GAP28 BK 1 2FE-13 #26VDC COMMON 101
2-3-09 17GAAP210I WH 2 2FN-04 GYRO ANGLE MARK 360 DPR TU 2 102
2-3-01 17GAAP102 R D 3 2FN-05 HVM MARK HI GH TUBE 2 103
2-3-08 17GAAP2103 GR 4 2FN-06 HVM MARK LOW TUBE 2 104
2-3-04 17GGAP821 OR 5 2FB- 10 GYRO ANGLE LIMIT TUBE 2 105
2-3-03 17GAAP822 8L 6 2FB-11 RUNNI NG DEPTH LIMIT TUBE 2 106
2-3-02 17GAAP823 WH-BK 7 2FB-12 ENABLING RUN LIMIT TUBE 2 107
4- 3-05 17GAP40 RD-8K 8 2FE-14 +26VDC COMMON 108
4-3-09 17GAAP4101 GR-8K 9 2FN-10 GYRO ANGLE MARK 360 DPR TU 4 109
4-3-01 17GAAP4102 OR-BK 10 2FN-11 HVM MARK HicH TUBE 4 110
4-3-08 17GAAP4103 8L-8K 11 . 2FN-12 HVM MARK LOW TUBE 4 111
4-3-04 17GAAP841 8K-WH 12 2FE-10 GYRO ANGLE LIMIT TUBE 4 112
4-3-03 17GAAP842 RD-WH 13 2FE-11 RUNNINH DEPTH LIMIT TUBE 4 113
4-3-02 17GAAP843 GR-WH 14 2FE-12 ENABLING RUN LIMIT TUBE 4 114
6 NONE BL-WH 15 * SPARE 115

NONE BK-RD 16 % SPARE 116
* NONE WH-RD 17 « SPARE 117
L NONE OR-RD 18 * SPARE 116
* NONE BL-RD 19 SPARE 119

* TIE Back AND INSULATE 120

NOTE I-THIS SHEET REFLECTS ORDALT 7188. 121

Figure 1.

CABLE. 6- GAP4
NAVSHIPS DRAWING NO. REV -SHEET-



FROM TERM PLUG
EQUIPMENT POINT SYNB

-—— - s > > e ot > s

No. 3001

NO. 3002

No. 3003

€62

No. 3004

CABLE
NUMBER

R-EZ13.
P-EZ9
R-EZ7
R- EZ52

R-EZ130
R-EZ131
R-EZ132
R-EZ133

R-EZ134
R-EZ135

R-EZ136
R-EZ137
R-EZ138

R-EZ110

R-EZ124
R-EZ125

R-EZ62
R-EZ53
R-EZ58

R-EZ164

R-EZ155
R-EZ158

R-EZ168
R-EZ173

CABLE SIGNAL  CABLE LENGTH 10
TYPE STATUS  STATUS  (FEET) EQUIPMENT
--- CABLES YO EQUIP IN ===
COMPT .
MSCA- 1 9
TSGA-23
TSGA-14 PDB- 1
FSGA-9 PDB- 6
--- CABLES TO EQUIP IN --
COMPT. 03-99=0~C
CONSOLE RADAR SET
MSCA-24 0J-227
MSCA-14
FSGA-3
FSGA-9
FSGA-9
FSGA-23
FSGA-23
FSGA-23
TTRSA-12
------- LOCAL CABLES -----
3SWA-3
SPECIAL
SPECIAL
SSGA- 100
FSGP-4 PDB-6
TSGA-3
INTERCONNECTION BOX
TTRSA-12 KCMX1
--- CABLES TO EQUIP IN ---
COMPT. 1-130-2-C
VIDEO AMPLIFIER
RG12A/U AM-1914
RG12A/U
SYNCHRO AMPLIFIER
MSCA10 MK2 MOO 2A
DSGA-3
Figure 2.

NAVSHIPS DRAWING NO. REV - SHEET -
DLGN25-- 6



(4) Equiprment Terminal Layup List. Assists the electrician in hook-up
of connection boxes, sw tchboards, and other |arge on-board equi pnent.

(5) Equi pnent Cable Floater List. Provides marked sleeving information
for individual wire markers.

(6) Connection Box Termination List. Assists the engineer or electrician
in laying Up connection boxes frequently installed in electrical/electronic
systems, such as interior conmunications, fire control and dial telephone systens.

(7) Grcuit Check List. Aids the engineer and electrician in tracing any
circuit installed in a given system

(8) Equi pnent Term nal Locator Cuide. Assists in tracing the point-to-
point path through connection boxes-and switchboards of each circuit installed
with the equipnent.

(9) Ship Equipnent List. An inventory of all the equipnent either
installed or to be installed.

(10) Cable Catalog List. A listing organized by cable type and size of
the standard Navy cables used on board the ship.

Addi tional documents can easily be formatted and retrieved from the data base
as need for them arises.

Revi sion Capability

C WSystemis capable of alnmost infinite revision in its output. A
keypunch operator can easily nake up the revision cards from a copy of the
out put sheets marked up by the engineer to show the desired changes. The system
will accept commands that will cause it to erase, add, correct, relocate, and/or
re-designate. This is done sinply by requesting a change for only the data
elements effected. The entire system description need not be corrected. Just
as a designer would not prepare a new drawing to change a wire number, he is not
required by CJWto re-run the entire deck in order to achieve the equival ent
of a drawing revision. The update operates with only the new data and a request
to nmake the substitution. This feature provides for easy creation and rapid
revision.

M ssing or Invalid |nfornation

CWis designed to execute to conpletion on every conputer run, regardless of
errors which may have been punched in the cards. Mssing or invalid information of
practically any kind will not hinder normal processing. Diagnostic nessages are
printed to point out bad information in the submitted data, but do not stop
execution. C/Wcontinues to execute all processable data, |eaving blanks
whenever it encounters insufficient information. For exanple, a check is nade
to insure that the input length of a cable is actually a nunerical val ue.

[f not, the program will in turn: inform the designer, blank the length, and
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continue processing. Furthernore, if a revision is desired, two additional
checks will be made. First, the drawing revision letter is checked to insure
that it is actually alphabetic characters excluding the characters |I,0Q and
S, and second, the revision letter nust be in proper order, that is, greater
than or equal to the previous revision. |If either check fails, the designer
will be informed and the revision will not be nade.

Fatal Errors

Certain errors, such as trying to nodify the master file created for
another ship, will cause the programto abort. These errors are terned
“fatal errors”.

Program Anticipation

If cards are discovered to be arranged inproperly, the program wll default
to values that will allow partial output to be provided. These default values
can then be easily identified and corrected. The arrangenment or correctness of
the input card deck is validated by the program For exanple, if the designer
fails to identify either or both equipnents connected to one of the cables, an
error message will be printed and the program will continue to process. Wring
tables will be printed for this cable, without the description and |ocation of
the unidentified equipment.

The intent is to process to conpletion partial circuit data and then conplete
processing in a later computer run.

Benefits

Where Was It Used

The following is a chronological list of ships for which the cabling/wring
system was used on various circuits at Puget Sound Naval Shipyard from 1970 to
the present:

SsN 590 SSBN 608
CGaN 25 SSBN 644
cv 63 (2 Overhauls) SSBN 654
cv 64 (2 Overhaul s) SSBN 657
ACE 1 SSN 652
ACE 2 CGN 35
CGN 9 AS 32

cv 61 DDG 15
SSBN 623 DDG 16

It also has been used at Philadel phia Naval Shipyard on LCC 19 and at
Charl eston Naval Shipyard on CG 19.
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The C/'W System is now being inplenmented at Norfolk and Long Beach and
is scheduled for inplementation-in the other naval shipyards.

C W System | npl erentati on Support

Phi | adel phi a Naval Shipyard has been tasked, as the Navy's C W Tech Agent,
to provide linmted support to all shipyards during inplenmentation. Ceneral
Dynami cs/ El ectric Boat has now inplemented the system and, as a test, has produced
Trident wiring tables.

Audi ted Savings

There exists no benefits data derived fromthe utilization of the present
system because there has been no recent audit of the system However, meaningful
benefits data was derived for the predecessor of the C/WSystem This is the
information being presented here inIt nust be understood” that the
predecessor “Wres” was not as refinedmoras user oriented as C/Wand, therefore,
gives a very conservative approximation of what can be expected.

The sum of $971,938.000 of ship alteration funds was involved on four separate
projects with dollar cost saving accrued of $80,492.00. This indicates an
average of 8.28% savings for each project processed by the system The cost and
savings data are based on actual audited costs for the WRES system and the manual
system it suppl anted.

Future Use

The nmaster drawing file is maintained during the construction or conversion/
overhaul period for each ship processed. Measures are being taken whereby this
file will become part of the ship drawing index and retained at the planning
yard.

This file along with the plans can be used as a foundation to build new files for
other ships of the same class. This is where full inplenmentation of C/W system
enters into the picture. The ultimate goal is to develop a file during the
construction period and nmake it available in the future to the shipyard during
conversion or overhaul.

Concl usi ons

This systemis the first of what the author hopes will be a |arge nunber of
comput er aided ship design and construction prograns to be devel oped and
impl emented by the Naval Sea Systems Conmand. It is expected that by applying
these systens deliberately and diligently in an integrated shipyard nodernization
program the total benefits of electronic data processing can be obtained, thus
producing a better ship faster and at a | ower cost.
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L62

SYSIEM PRUDUCT COULD COST DID COST SAVINGS ALLOWED
AN/SPN-42 RADAR $182,000.00 °
DEVELOPED CBOX —-— —_——
DEFINED JUN BOX $ 3,300.00 $1,863.00 S 1,467.00
DELETED CABLES 6,994.00 0.00 6,994.00
WIRE LISTS 26,928.00 6,038.00 20,890.00
TOTAL ESTIMATED SAVINGS $29,351.00 ( 6.12% OF ALLOWED)
DIAL TELEPHONE WIRE LIST $276,516.00
WIRE LIST 3,388.00 4,030.00 - 642.00
TERM, LAYUP LIST 3,836.00 0.00 3,836.00
TOTAL ESTIMATED SAVINGS S 3.194.00 12R% AF A NWEN)
. USS CONSTELLATION
AN/SPN-42 RADAR . $237,600.00
BOX JUMPERS 3,067.00 0.00 3,067.00
SHIELD RE-ORDER 99.00 34.50 64.00
PLUG RE-OPDER 4,136.00 1,654.00 2,481.00
ISSUED DRAWINGS 26,929.00 3,441.00 23.487_.00
SHOP LABOR - -—- 3,663.00
TOTAL ESTIMATED SAVINGS $32,767.00 (13.79% OF ALLOWED
DIAL TELEPHONE $275,822.00
WIRE LIST 3,836.00 3,386.00 450.00
TERM LAYUP LIST 3,836.00 0.00 3,836.00
CIRCUIT CHECK LI T 3,836.00 0.00 3,836.00
SHOP LABOR —_— - 7,051.00 -
TOTAL ESTIMATED SAVINRR Q15 1RR NN (R ENSZ NE AL NWENY

* JUTAL AMUUNT INVOLVED $371,938.00 AVERAGE SAVINGS 8.28%

TUIAHAL OAVEU O0VU,494.UU

Table 1. SAVINGS RESULTING FROM THE USE OF WIRES




Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-763-4862
E-mail: Doc.Center@umich.edu
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